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SUMMARY 

Design data are presented for the graphical construction of 
two-dimensional sharp -edge -throat supersonic nozzles of wiiwtTmmi 
length for test-section Mach numbers from 1.20 to 10.00. The 
method of characteristics used in the design is "briefly reviewed. 


INTRODUCTION 

A general disoussion of the method of characteristics as 
applied to supersonic-nozzle design is given in references 1 to 3. 
The application of the method of characteristics to the design of 
minimum-length sharp -edge -throat nozzles is described in reference 3. 

By means of charts and tables presented herein for designing 
such nozzles using an expansion "kernel," nozzle-wall contours for 
wind-tunnel test -section Mach numbers from 1.20 to 10.00 may be 
obtained with a minimum of graphical construction. The principles 
of the method of characteristics used in the design are reviewed. 

The nomenclature of reference 1 was found to be more convenient 
than the speed-index or pressure -number systems of references 2 
and 3, and is therefore used in this report. 


SYMBOLS 

The following symbols are used in this report: 

Af area of nozzle bearing uniform flow at M_ (equal to height 
for nozzle of unit width) 

At. area of nozzle at throat (equal to height for nozzle of unit 
width)’ 
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L length of nozzle from throat to test section 
Ijj. length of kernel 
M Mach number 
Mf final Maoh number 

x abscissa of point of intersection of '4 / f + characteristic 
with “ characteristic 

y ordinate of point of intersection of \J/f“ characteristic with 
i|/ ~ characteristic 

a angle of wall to nozzle axis 

p Mach angle, |sln~^ 

final Maoh angle 

7 ratio of specific heat at constant pressure to specific heat 
at constant volume 

6 angle of inclination of streamline to nozzle axis 

Tv* angle that \|f + characteristic makes with x axis (p - 9 ) 

(A+ is positive number when drawn below horizontal) 

A - angle that characteristic makes with x axis (p + 0) 

(A" is positive number when drawn above horizontal) 

9 angle of corner in wall at nozzle throat 

\| / equivalent Prandtl-Meyer turning angle 

\|f+ characteristics (Mach waves) originating at upper nozzle wall 

\|r “ characteristics (Mach waves) originating at lower nozzle wall 

value of ^ at nozzle exit 

♦ f + downstream characteristic bounding expansion wave originating 
at upper nozzle wall 

^ downstream characteristic bounding expansion wave originating 
at lower nozzle wall 
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METHOD OF NOZZLE DESIGN 

System of Characteristics in Sharp -Edge - Thr eat Nozzles 

A two-dimensional nozzle with, a sharp-edge throat is shown 
in figure 1. The increase in flew Mach, number with, displacement 
downstream of the throat is obtained from the system of expansion 
waves generated at the angular turn of the wall at the nozzle 
throat (fig. 2(a)). The expansion waves, as shown in figure 2(a), 
turn the flow toward the adjacent nozzle wall downstream of the 
comer with a consequent increase in stream-tube cross-sectional 
area and Mach number. The system of expansion waves from each 
comer is identical with that developed in an infinite uniform 
sonic flow constrained to flow around a sharp comer in a single 
two —dimensional wall. The solution for this oase is discussed 
in reference 4. The expansion waves are propagated into the flow 
along straight lines radiating from the comer in the case for the 
flow along only one wall in an infinite flow. Along any given 
radial line, the flow direction, the Mach number, and the physical 
state of the gas is the same for all points on that line (fig. 2(a)). 
Each of these radial lines can be assigned a number in degrees or 
radians that corresponds to the angular deviation of the flow 
crossing the line from the direction of the undisturbed sonic flow. 

A line so numbered Is called a characteristic. The angular devia- 
tion of the flow between two characteristics is equal to the dif- 
ference of the numbers assigned to these characteristics. At each 

characteristic, the flow makes the Mach angle p » sin*- 1 - l/M with 

the characteristic . The characteristics are therefore coincident 
with the Mach lines in the flow. 

Two separate walls in the flow (fig. 2(a)) result in two 
separate systems of intersecting expansion waves originating at 
the respective vail comers. If the characteristics freta the upper 
and lower walls are designated xjf + and respectively, every 

point in idle flow traversed by both expansion waves is crossed 
by a characteristic from the upper and lower walls. Because of 
the simultaneous influence on the flow of the expansion waves from 
the comer on the upper and lower walls in the zone common to both 
sets of waves, the characteristics are curved to maintain the Mach 
angle with the flow (zone I, fig. 2(b)). The characteristics are 
straight in zones occupied by only one set of expansion waves 
(zones II and HI, fig. 2(b)). 

By means of the characteristics in zones U and IU, the 
graphical construction of the nozzle-wall contour required to 
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give wav© -free flow in the test section can be made. Tables I 
and H provide the information for obtaining the characteristics 
in zones XI and XXI without involved plotting or computation* 
construction of the wave pattern from which the information in 
tables X and II was obtained is described in the following section. 


Development of Kernel 

Rrcm references 2 and 4, the value of the flow Mach number at 
a point in the f loy^ crossed by characteristics having values of \J/ + 
and y ", respectively, is given by 

♦ =+■*■ +f = tm" 1 - tan" 1 ( 1 ) 

7 iW 

The flow direction with respect to the nozzle axis is 

e = V - (2) 

For an isentropic flow of known uniform total pressure and 
temperature, the flow at any point is completely specified by the 
local values of the intersecting pair of characteristics. 

A wave pattern for a pair of opposite corners at the nozzle 
throat is established by dividing the wave emitted by each corner 
into a convenient number of characteristics, and by determining 
the resulting wave pattern due to the interaction of both sets of 
waves by m ea n s of the foregoing principles; that is, the local Mach 
number is given by equation (l), the flow direction is given by 
equation (2), and the local Maoh angle is determined from the 

relation p ■= sin -1 l/M. 

The resulting system of characteristics in the zone of the 
flow traversed by waves from both corners (zone I, fig. 2(b)) is 
shown schematically in figure 2(c). Such a pattern is called a 
kernel. In order to obtain the tables giving the pertinent 
design parameters for sharp-edge nozzles ranging in test -section 
Maoh number from 1.20 to 10.00, a kernel was graphically developed 
for two opposing corners of equal angle (51.16°) corresponding to 
M = 10.00 at the test section with the following Increments in 
\|/+ and ij/ - : 
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\|/ + and ” 
limits 
(cleg) 

\|/*" and \|r “ 
Increments 
(deg) 

0 - 0.01 

0.01 

.01 - .19 

.03 

.19 - .37 

.06 

.37 - 1.00 

.09 

1.00 - 2.00 

.20 

2.00 - 4.00 

.40 

4.00 - 8.00 

.50 

8.00 - 19.00 

1.00 

19.00 - 51.16 

2.00 


In the range of low values of \}f*" end \Jf ”, where the construc- 
tion. is sensitive to small changes in these value s , small increments 

in \J/ + and \\i~ were used, as Indicated in the preceding table. 

Because the corners at the nozzle throat were ohosen equal, the 
resultant wave pattern is symmetrical and only- the half above Idle 
nozzle axis need be considered. The wave pattern at any point in 
the kernel is not influenced by the wave pattern downstream of that 
point. Consequently, the kernel for any corner less than the sai- 
imum of 51.16° can be obtained from the kernel for 51.16° by neglec- 
ting the characteristics of value greater than the desired corner 
angle. This principle is Illustrated in figure 2(c). 

The bounding characteristic separating zone I from zone II 
(fig. 2(b)) is designated as The points of intersection of 

the ^ " characteristics with the \J/^ + characteristic, and the 
slopes of the ~ characteristics at these points, are all that 
is required to determine the nozzle contour. 


The constructed kernel for M - 10.00 provided data for the 
design of nozzles for final Mach numbers Mf from 1.20 to 2.00 in 

increments of 0.20 and from 2.00 to 10.00 in Increments of 1.00. 


The coordinates 


(. 



of tiie points of intersection of 


v 2 . 

the bounding characteristic \|/ f + with the i|/~ characteristics are 
tabulated with other pertinent data in table I. 


For Mach numbers up to 4.00, a kernel of 12 -inch half* throat 
height Aj./2 was graphically developed and for Mach numbers from 

5.00 to 10.00 a half throat height of 6 inches was used. For the 
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6 -inch, kernel, however, the scale was reduced at Intervals as the 
height of the kernel Increased in order to maintain the construction 
within the physical limit of the drawing heard. This scale reduc- 
tion accounts for the decreasing number of decimal places for the 
coordinates in table I in the high Mach number range. Turning- 
angle Increments in \J/+ and \|s ", as given in the preceding table, 
were used for both kernels. Construction was performed with a 
drafting machine capable of setting to ±2.5 minutes. 


Wall Contour 

An expansion wave incident on a channel wall will, in general, 
require -that a secondary wave be emitted at the point of incidence 
in order to keep the flow against the wall. If the wall is curved 
in the way a streamline would be turned under the influence of the 
incident wave, however, no secondary wave arises to keep the flow 
along the wall. This method of suppression of secondary waves is 
the principle used to obtain uniform wave-free flow in the test 
section. The graphical construction is required to locate the 
point of incidence of the waves on the nozzle wall. The difference 
in value of the characteristics bounding the incident wave gives 
the change of wall inclination required to suppress secondary waves 
(fig. 2(d)); that is, for the upper wall, 

da = A i|/“ (3a) 

or for the lower wall, 

Aa * d\Jf + (3b) 

where Aa is the required change of wall inclination. The accuracy 
of the wall contour obtained Improves as the number of characteristics 
drawn to represent the inoident expansion wave is increased. Only 
the upper nozzle wall need be developed if the nozzle is symmetrical 
about the center line. 

Symmetrical two-dimensional sharp -edge -throat nozzles are pro- 
duced by making the angle of the turn at both walls at the throat 
equal in magnitude. If qp represents the angle of turn for the 
upper and lower walls, the downstream characteristics f + and 

that bound the respective expansion waves will have this value* 

Because of the symmetry of the wave pattern about the nozzle axis, a 

vj/ + characteristic will intersect a \J/“ characteristic of the same 
magnitude at the nozzle axis. In particular, the \t/ f + and \J/ f " 
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characteristics Intersect on the nozzle axis (fig. 2(c)). The flow 
along the streamline on the nozzle axle will have the f in al Mach, 
number at the intersection of these hounding characteristics. 

Prom equation (l). 



Because >J/ f + «r»a “ axe equal In magnitude and represent the 
angle thr ough which each wall is turned at the throat. 


cp ■ \J/ f + = ' 




f r+i 
7-1 


Equation (4) gives the value of the wall angle at the throat that 
corresponds to the desired test-section Mach number Mf . These values 

are presented in table XX, columns 1 and 2. 

The method of using the kernel that is schematically shown in 
figure 3(a) to obtain the nozzle-wall contour of two-dimensional 
sharp-throat nozzles of minimum length (fig. 3(b)) is illustrated 
"by application to a specific problem. Assume that it is desired 
to design a nozzle of this class with a test-section Mach number 
of 4.00 and a throat height of 6 inches. 

The throat -comer cp and the value of the downstream 

bounding characteristics i|/ f + are obtained from equation (4) or 

table H, column 2, with % equal to 4.00, column 1: 

cp o^J/ f + = 32.89° 

trow wall contour is obtained by plotting the zone H characteristics 
of the set (fig. 3(b)), which are’ straight lines that make the 

angle X” with the nozzle axis at the intersection of the \|r" 
characteristics and the bounding characteristic All that is 

required to obtain the zone II plot are the coordinates of the points 
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of Intersection of the \j/” set of characteristics with the hounding 
characteristic \j/^ + and the local slopes ?T of the \|f" charac- 
teristics. Columns 4 and 5 of table I give the coordinates of 
intersection in terms of the half throat height A^/2 and column 6 
gives the angle of Inclination X" of the characteristic at 

the intersection. For example, the « 12.00° character! st io 

intersects the \j/ f + characteristic at - = 3.453 and 

■ - • - » 1.256, which gives x ■ 10.359 and y ■ 3.768 for a nozzle 

At/2 

of 6 -inch throat. The inclination of the ” characteristic in zone II 
is A” = 42.14°. The complete plot of the zone II characteristics 
has the form schematically illustrated in figure 4(a) . 

Construction of the nozzle wall starts at the nozzle throat 
with a straight-line segment ah (fig. 4(h)) that makes the angle 
with the nozzle axis cp = 32.89°, which was previously computed for 
Mf * 4.00. At the intersection of the nozzle wall with the first 

\|/“ characteristic (\|f^“ ■= 0.01°), the inclination of the wall is 
reduced according to equation (3a) hy an amount (i^ - - \|/q~) corres- 
ponding to the angle through which the flow is turned clockwise hy 
the expansion wave between ^o” and As previously disoussed, 

no wave emission occurs at the wall turned in this way. At every 
intersection of the wall with a characteristic, the wall Inclination 
to the nozzle axis is reduced by thejangie of turning produced hy 
the wave between \|/ n “ and The angle of the wall a at 

each characteristic is given in table I, column 7. For example, at 
point h, = 0.01° and a » 32.88°; similarly at point o, 

\| r s 0.04° and a * 32.85°. When the sequence of straight-line 
segments representing the nozzle wall is completed, a smooth curve 
approximating the shape of the sequence of straight lines is taken 
as idle effective nozzle -wall contour . The acouracy of the final 
wall contour increases with the number of characteristics used to 
represent the expansion waves from the wall comers at the nozzle 
throat. 

An averaging method for attaining a contour that is closer 
to idle true contour will he described for a nozzle with a test- 
seotion Mach number Mf of. 4.00 as an example, as shown in fig- 
ure 4(b). As before, construction starts at the nezzle throat with 
a straight line ab making the comer angle with the nozzle axis 
( Op = 32.89°). Line ah is than bisected by point o, and line cd 
is drawn at the wall angle a = 32.88°, corresponding to - 0.01°, 
(table I, column 7) until it intersects the \J/“ = 0.04° characteristic. 
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Point B, the wall coordinate point lying along ^ “ = 0.01°, ia 
located by the intersection of line cd and \j/“ = 0.01°. Line Bd 
is then bisected by point e, and line eg is drawn at the wall angle 
a, — 32.85° corresponding to ilf” = 0.04°. Point D is located by 
the intersection of " Hne eg and = 0.04°. The preceding process 
is continued until the design is complete. The nozzle contour is 
taken as the smooth curve through points . . * ? tangent 

to construction lines ab , cd, eg, .... 

Hie test— section height of the nozzle (numerically equal to A^ ), 
which is obtained by either of the graphical processes described, 
should be related to the throat height by the expression 


^f _ 1 _ 


7+1 




(5) 


These area-ratio values are presented in table IX, column 4. For 

Ap 

example, for * 4.00, jq- = 10.719. 

The design of a nozzle that has a Mach number intermediate between 
values given in table I requires the determination of the shape of the 
^ f + ch aracteristic of the kernel corresponding to the desired Mach 

number. This design is accomplished by using the coordinates of the 
characteristic given in table I that are closest to the desired 
Mach number and then establishing by construction the points of inter- 
section of the \if f + characteristics that correspond to the desired 
Ifech n umb er with the “ characteristics, as shown in figure 5. For 
example, the kernel for M = 4.30 is established with the kernel for 
M = 4.00 as a base. 

fha bounding characteristic ^ and the zone II plot of ^ 
characteristics for ="4.00 are established as previously 

described. These characteristics are dashed in figure 5. The 
bounding characteristic and the zone II plot of character- 

istics for % =4.30 are established according to the following 

procedure : 


The value of the bounding characteristic for Mp « 4.30 

is obtained from equation (4) or table II, column 2, (\kp + = 34.77°). 
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The angle that the 4» f + characteristic makes with the nozzle axis 
at any point is designated (fig. 5} and is determined by the 

relation 


X+ « p - 9 


( 6 ) 


vnere p is the Mach angle determined by the looal Mach number 
corresponding to the local equivalent Brand tl -Meyer turning angle i|/, 
given by equation (l), and 9 is the angle of inclination, of the 
flow to the nozzle axis, given by equation (2). (Note that positive 
values of X + are drawn with a negative slope . ) Thus at point A 
at the throat (fig. 5): 

from, equation (1), 

\J/ > \|f + +y- rn 34.77 + 0 » 34.77° 

from table XI, columns 3 and 5, for \]/ « 34.77, 

p = 25.53° 


from equation (2), 


9 + -\j/“ •» 34.77 - 0 « 34.77° 


Consequently, 


X + « p - 9 « 25.53 - 34.77 « - 9.24° 

The negative sign indicates that x + is drawn with positive slope, 
as shown at point A of figure 5. The bounding f + characteristic 
is drawn at Idle angle X + « - 9.24°, until it interseats the first 
characteristic ij/" ■ 0.01° at point B. At point B the new x + 
value for \(/ f + Is determined by repeating the aforementioned pro- 
cedure using ij/*" » 34.77° and \jr " » 0.01°. The \Jfj + characteristic 

is drawn at this new X + value until it intersects the next y“ 
characteristic \{F » 0.04°. The slope of the \y~ characteristic at 
point B, X', is determined by the relation (fig. 5) 

X ” ** 0 + 0 (7) 

with the same values for p and 9 as vers used to determine x + * 

In tills manner the entire zone II plot of characteristics is 

obtained for M^ = 4.30. 
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The vail contour Is then developed by the method previously 
described for Mp = 4.00. The entire procedure is expedited if 
columns 1 to 3, 6, and 7, cp and \|ff + , of table 1, and A + are 
determined for the tyf + characteristic for M = 4.30 before the 
drawing is initiated. 


Nozzle Length 

The nozzle length from the throat to the test section may be 
calculated from the length of the kernel and the projection of the 
last characteristic oh the nozzle axis, as shown in figure 3(b). 

The projection may be determined from the final Mach angle and the 
final area ratio. The expression for the ratio of the nozzle length 
to the nozzle test -section height 


L . Ak 4f \ ^t 
Af I 2A^. tan £ 1 A^ 

is plotted in figure 6 for Mach numbers up to 10. 


Lewis Flight Propulsion laboratory. 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE I. - DETAILED KOZZLK DB310B PARAMETERS 

[r = i.4o§ 


X 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

7 

¥“ 

¥ 

P 

X 

1^8 

7 

V 

a 

¥- 

¥ 

P 

X 

7 

XT 

a 

( dag ) 

( dag ) 

( dog ) 

( dag ) 

( dag ) 

( d . g ) 

( dag ) 

( dag ) 

^75 

V 8 

( dag ) 

( dag ) 



1 . 20 ; 

t and 


1 . 80 ° 


0.31 

7.81 

47.41 

0.557 

0.626 

54.60 

7 . 1 * 


T 9 


r 9 



.37 

.46 

7.87 

7.96 

47.32 

47.17 

.677 

.600 

.608 

.489 

54.45 

54.21 

7.15 

7.04 

o 

1.80 

62.91 

o 

1.000 


1.80 




.01 

1.81 

62.87 

.213 

.614 

64.66 

1.79 

.53 

8.05 

47.03 

.622 

.471 

53.98 

6.95 

.04 

1.84 

62.72 

.277 

.600 

64.48 

1.76 

.64 

8.14 

46.89 

.643 

.454 

63.75 

6.86 

.07 

1.87 

62.59 

.305 

.448 

64.32 

1.73 

• 73 

8.23 

46.75 

.661 

.439 

53.52 

6.77 

.10 

1.90 

62.45 

.328 

.408 

64.15 

1.70 

.82 

8.32 

46.61 

.679 

.425 

63.29 

6.68 

.13 

1.93 

62.32 

.343 

.380 

63.99 

1.67 

.91 

8.41 

40.47 

.694 

.412 

53,06 

6.59 

• 16 

1.96 

62.18 

.356 

.357 

63.82 

1.64 

1.00 

8.50 

46.33 

.708 

.399 

52.83 

6.50 

.19 

1.99 

62*05 

.368 

.336 

63.66 

1.61 

1.20 

8.70 

46.03 

.738 

.375 

52.33 

6*30 

,86 

2.06 

61.78 

.386 

.305 

63.33 

1.55 

1.40 

8.90 

45.73 

.764 

.353 

51.83 

6.10 

.31 

2.11 

61.52 

.404 

.274 

63.01 

1.49 

1.60 

9.10 

45.43 

.787 

.333 

51,33 

5.90 

.37 

2.17 

61.28 

• 417 

.253 

62.71 

1.45 

1.80 

9.30 

45.14 

.810 

.315 

50.84 

5.70 

.46 

2.26 

60.89 

.433 

.223 

62.23 

1.34 

2.00 

9.50 

44.85 

.828 

.300 

50.35 

5.50 

.56 

2.36 

60.63 

.448 

.198 

61,78 

1.25 

2.40 

9.90 

44.32 

.867 

.268 

49.42 

5.10 

.64 

2.44 

60.18 

.463 

.176 

61.34 

1.16 

2.80 

10.30 

43.78 

.903 

.239 

48.48 

4.70 

.73 

2.53 

59.84 

.475 

.155 

60.91 

1.07 

3.20 

10.70 

45.28 

.934 

.213 

47.68 

4.30 

.62 

2.62 

59.50 

,487 

.136 

60.48 

• 98 

3.60 

11.10 

42.80 

.963 

.190 

46.70 

5.90 

.91 

2.71 

59.18 

.498 

.118 

60.07 

.69 

4.00 

11.50 

42.30 

.992 

.167 

45.80 

3.50 

1.00 

2.80 

58.86 

.607 

.103 

59.66 

.80 

4.50 

12.00 

41.72 

1.022 

.142 

44.72 

3.00 

1.20 

3.00 

68.18 

.527 

.072 

58.78 

.60 

5.00 

12.50 

41.15 

1.054 

• 117 

43.65 

2.50 

1.40 

3,20 

67.57 

.543 

.046 

57.97 

.40 

5.50 

13.00 

40.60 

1.063 

.093 

42.60 

2.00 

1.60 

3.40 

66.98 

.559 

.022 

57.18 

.20 

6.00 

13.50 

40.05 

1.115 

.067 

41.55 

1.60 

1.80 

3.60 

56.40 

.674 

0 

56.40 

0 

6.50 

14.00 

39.53 

1.145 

.045 

40.53 

1.00 



1 . 40 ; 

f and 

V* 

4 . 50 ® 


7.00 

7.60 

14.50 

15.00 

39.04 

38.54 

1.172 

1.202 

• 022 

0 

39.54 

38.54 

•60 

0 

O 

« 

o 

4.50 

4.51 

63.99 

63.97 

0 

.257 

1.000 

.698 

58.46 

4.50 

4.49 


“r. 

1 . 80 ; 

f and 

V» 1 

0 . 36 ° 


.04 

4.64 

53.89 

.335 

.607 

68.36 

4.46 

q 

10.36 

43.70 

n 

1,000 


10.36 




.07 

4.67 

63.82 

.369 

.667 

68.25 

4.43 

.01 

10.37 

43.69 

.320 

.790 

54.04 

10.35 

.10 

4.60 

63.75 

.397 

.635 

58.16 

4.40 

.04 

10.40 

43.65 

.417 

.725 

53.97 

10.32 

.13 

4.63 

53.68 

.417 

.513 

58.05 

4.37 

.07 

10.43 

43.61 

.4601 

.697 

53.90 

10.29 

.16 

4.66 

53.60 

.432 

.495 

57.94 

4.34 

.10 

10.46 

43.57 

.494 

.675 

53.83 

10.26 

.19 

4.69 

63.63 

.447 

.477 

57.84 

4.31 

.13 

10.49 

43.63 

. 517 ! 

.669 

63.76 

10.23 

.26 

4.76 

53.38 

.469 

.452 

67.63 

4.25 

.16 

10.62 

43.50 

.537 

.646 

53.70 

10.20 

.31 

4,81 

53,23 

.491 

.427 

57.42 

4.19 

.19 

10.55 

43.46 

.657 

.633 

53.63 

10.17 

.37 

4,87 

55.08 

.607 

.407 

; 57,21 

4.13 

.26 

10.61 

45.39 

.683 

.615 

63.50 

10.11 

.46 

4.96 

62.87 

.527 

.384 

56.91 

4.04 

.31 

10.67 

43.32 

.612 

.597 

53.37 

10,05 

.65 

5.06 

62.66 

.547 

.363 

56.61 

3.95 

.37 

10.73 

43.24 

.632 

.583 

63.23 

9.99 

.64 

6.14 

52.46 

.564 

.342 

56.32 

3.86 

.46 

10.82 

43.14 

.668 

.667 

63.04 

9.90 

.73 

6.23 

52.26 

.580 

.325 

56.03 

3.77 

.65 

10.91 

43,03 

.682 

.550 

52.84 

9.81 

.62 

6.32 

52.06 

.694 

.308 

55.74 

3.68 

.64 

11,00 

42.92 

.704 

.535 

52.64 

9.72 

.91 

5.41 

61.86 

.606 

.293 

55.46 

5*59 

.73 

11,09 

42.81 

.725 

.522 

52.44 

9.63 

1.00 

6.50 

61.66 

.620 

.279 

56.16 

3.50 

.82 

11.18 

42.70 

.743 

.510 

52.24 

9.64 

1.20 

5.70 

51.25 

.645 

.252 

64.55 

5.30 

.91 

11.27 

42.59 

.762 

.498 

52.04 

9.46 

1.40 

5.90 

50.83 

.667 

.227 

53.93 

3.10 

1.00 

11.36 

42.47 

.777 

.488 

51.83 

9.36 

1.60 

6.10 

50.43 

.687 

.206 

63.33 

2.90 

1.20 

11.66 

42.23 

.811 

.467 

51.39 

9.16 

1.60 

6.30 

60.05 

.706 

.185 

52.76 

2.70 

1.40 

11.76 

42.00 

.841 

• 447 

50.96 

8.96 

2.00 

6.50 

49.66 

.722 

j .167 

62.16 

2.50 

1.60 

11.96 

41.77 

.867 

• 430 

50.53 

8.76 

2.40 

6.90 

48.93 

.752 

! .133 

51.03 

2.10 

1.80 

12.16 

41.54 

.392 

.413 

50.10 

: 8.66 

2.80 

7.30 

48.24 

.763 

.101 

49.94 

1.70 

2.00 

12.36 

41.31 

.912 

.400 

49.67 

i 8.36 

3.20 

7.70 

47.58 

.808 

.075 

48.88 

1.30 

2.40 

12.76 

40.06 

.957 

.371 

48.82 

7.96 

3.60 

8.10 

46.95 

.832 

.050 

47.85 

.90 

2.80 

13.16 

40.42 

.997 

.345 

47.98 

7.66 

4.00 

8.50 

46.33 

.856 

.025 

46.83 

.50 

3.20 

13.50 

39.99 

1.034 

.321 

47.16 

i 7.16 

4.60 

9,00 

45.57 

.880 

0 

46.57 

0 

3.60 

13.96 

39.57 

1.067 

.300 

46.33 

1 6.76 


K . 

1 . 60 ; 

9 and 

a + 

7 . 60 ° 


4.00 

14.36 

39.18 

1.102 

.277 

45,54 

6.36 




T r » 


4.50 

14.86 

38.68 

1.137 

.254 

44.54 

5.86 



*7 Kn 

17 on 

ft 

T ftftft 


7.50 

rr ftft 

1 K TA 

TO 01 

1 i n a 


iT R7 


/ . ou 


SJ 

vvv 



O a W 

±0.00 

OOi cl 

1(1( O 

. cOl 


o.sc 

:» 

7.61 

47.88 

.292 

.751 

66.37 

7 l 49 

5.60 

15.86 

37.76 

1.208 

.206 

42.62 

4.86 

7.54 

47.84 

47.79 

.381 

.676 

55.30 

7.46 

6.00 

16.36 

37.30 

1.247 

.183 

41.66 

4.36 

.07 

7.57 

.421 

.642 

55.22 

7.43 

6.50 

16,86 

36.86 

1.282 

.162 

40.72 

5.86 

.10 

7.60 

47.74 

.451 

.616 

55.14 

7.40 

7.00 

17.36 

36.42 

1.315 

.139 

39.78 

3.36 

.13 

7.63 

47,69 

.472 

.597 

65.06 

7.37 

7.50 

17.86 

56.00 

1.350 

• 117 

38.86 

2.86 

.16 

7.66 

47.64 

.492 

.682 

54.98 

7.34 

8.00 

18.36 

35.69 

1.379 

.097 

37.96 

2.36 

.19 

7.69 

47.60 

.608 

.567 

54.91 

7.51 

9.00 

19.36 

34.80 

1.443 

.056 

36.16 

1.36 

.26 

7.76 

47.50 

.633 

.546 

54.75 

7.25 

10.00 

20.36 

34.04 

1.607 

.012 

34.40 

• 36 








10.36 

20^72 

33.76 

1.528 

0 

33.76 

0 
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TABLE Z. - DETAILED EOZZLE DESIGN PARAMETERS - Continued 

[V » 1.40(3 


1 

2 

3 

4 

6 

6 

7 

1 

2 

3 

4 

5 

6 

7 


T 

6 

z 

y 


a 

¥“ 

* 

p 

X 

y 

X" 

a 

(deg) 

(deg) 

(deg) 

1^2 

At / 2 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

1^2 

At /2 

(deg) 

(deg)' 





X - - 



2.00 

26.88 

29.71 

1.298 

0.858 

52.59 

22.88 


V a 

• uuj 9 ana » J. 3 .J.W 


2.40 

27.28 

29.48 

1.368 

.850 

51.96 

22.48 








2.S0 

27.68 

29.24 

1.434 

•842 

51x32 

22.08 













0 

13.19 

40.38 

0 

1.000 


13.19 

3.20 

28.08 

29.01 

1.496 

.833 

50.69 

21.68 

*01 

13.20 

40.38 

• 345 

• 824 

53*66 

13.18 

3.60 

28.48 

28.79 

1.556 

.826 

50.07 

21.28 

.04 

13.23 

40.35 

> .449 

.770 

53.50 

13.16 

4.00 

28.88 

28.56 

1.616 

.819 

49.44 

20.88 

.07 

13.26 

40.31 

• 496 

.746 

53.43 

13.12 

4.50 

29.38 

28.29 

1.678 

.810 

48.67 

20.38 

.10 

13.29 

40.27 

• 533 

.728 

53.36 

13.09 

5.00 

29.88 

28.03 

1.745 

• 800 

47.91 

19.88 

.13 

13.32 

40.25 

.667 

.715 

63.31 

13.06 

5.50 

30.38 

27.75 

1.812 

.792 

47.13 

19.38 

.16 

13.35 

40.82 

.580 

.703 

55.25 

13.03 

6.00 

30.88 

27.47 

1.883 

.780 

46.35 

18.88 

.19 

13.38 

40.18 

.601 

• 692 

53.16 

13.00 

6.50 

31.38 

27.22 

1.949 

.771 

45.60 

18.38 

.26 

13.44 

40.12 

• 630 

.678 

55.06 

12.94 

7.00 

31.38 

26.96 

2.015 

.761 

44.84 

17.88 

.31 

13.50 

40.05 

• 660 

• 662 

52.93 

12.88 

7.50 

32.38 

26.71 

2.085 

.750 

44.09 

17.38 

.37 

13.56 

39.99 

• 683 

• 650 

52.81 

12.82 

8.00 

32.88 

23.46 

2.147 

.739 

43.34 

16.88 

.46 

13.65 

39.89 

.710 

.637 

52.62 

12.73 

9.00 

33.88 

25.97 

2.281 

.717 

41.85 

15.8 8 

•65 

13.74 

39.90 

.737 

.622 

52.44 

12.64 

10.00 

34.38 

25.49 

2.417 

.693 

40.37 

14.88 

• 64 

13.83 

39.71 

.762 

.609 

52.26 

12.55 

11.00 

35.88 

25.04 

2.554 

.667 

38.92 

13.88 

.73 

13.92 

39.61 

.784 

.598 

52.07 

12.46 

12.00 

36.88 

24.59 

2.695 

.639 

37.47 

12.88 

• 82 

14.01 

39.52 

• 804 

.588 

51.89 

12.37 

13.00 

37.88 

24.12 

2.835 

.611 

36.00 

11.88 

.91 

14.10 

39.43 

.824 

.578 

51.71 

12.28 

14.00 

38.88 

23.69 

2.982 

.578 

34.57 

10.88 

1.00 

14.19 

39.34 

• 842 

.569 

51.53 

12.19 

15.00 

39.88 

23.27 

3.138 

.543 

33.15 

9.88 

1.20 

14.39 

39.16 

.878 

.550 

51.14 

11.99 

16.00 

40.88 

22.85 

3.289 

.508 

31.73 

8.88 

1.40 

14.59 

38.95 

.911 

.533 

50.74 

11.79 

17.00 

41.88 

22.43 

5.457 

.467 

30.51 

7.SS 

1.60 

14.79 

38.75 

.939 

.519 

50.34 

11.59 

18.00 

42. S8 

22.03 

3.618 

.425 

28.91 

6.88 

1.80 

14.99 

38.65 

.938 

.504 

49.94 

11.39 

J.9.00 

43. 38 

21.64 

3.796 

.375 

27.52 

5.88 

2.00 

15.19 

3S.37 

.992 

•492 

49.56 

11.19 

21.00 

45.88 

20.88 

4.167 

.272 

24.76 

3.88 

2.40 

15.69 

38.00 

1.041 

.467 

48.79 

10.79 

23.00 

47.88 

20.14 

4.584 

.144 

22.02 

1.88 

2.80 

15.99 

37.64 

1.088 

• 445 

48.03 

10.39 

24.88 

49.76 

19.47 

5.023 

0 

19.47 

o ! 

3.20 

16.39 

37.27 

1.128 

• 422 

47.26 

9.99 


u . 4 


and 1 

+ tomO 


3.60 

16.79 

36.92 

1.167 

.403 

46.51 

9.59 





f ' 



4.00 

17.19 

36.65 

1.206 

.382 

45.84 

9.19 

0 

32.89 

26.46 

0 

1.000 


32.89 

4. SO 

17.69 

36.14 

1.246 

.362 

44.83 

8.69 

.01 

32.90 

26.45 

.507 

1.056 

59.35 

32.88 

5.00 

18.19 

35.73 

1.288 

.539 

43.92 

8.19 

.04 

32.93 

26.43 

• 661 

1.073 

59.28 

52.85 

5.50 

18.69 

35.33 

1.328 

.318 

43.02 

7.69 

.07 

32.96 

26.42 

.731 

1.080 

59.24 

32.82 

6.00 

19.19 

34.93 

1.373 

.295 

42.12 

7.19 

.10 

32.99 

26.40 

.785 

1.086 

59.19 

32.79 

6.50 

19.69 

34.55 

1.413 

.274 

41.24 

6.69 

.13 

33.02 

26.39 

• 822 

1.090 

59.15 

32.76 

7.00 

20.19 

34.17 

1.455 

.253 

40.36 

6.19 

.16 

33.05 

26.37 

.857 

1.094 

59.10 

32.73 

7.50 

20.69 

53.86 

1.493 

.232 

39.55 

5.69 

.19 

33.08 

26.36 

.887 

1.087 

59.06 

32.70 

8.00 

21.19 

33.41 

1.528 

.213 

38.60 

5.19 

.26 

33.14 

26.33 

.931 

1.102 

58.97 

32.64 

9.00 

22.19 

32.70 

1.603 

.173 

56.89 

4.19 

.31 

33.20 

26.30 

.977 

1.107 

58.88 

32.58 

10.00 

23.19 

32.01 

1.679 

.133 

36.20 

3.19 

.37 

33.26 

26.27 

1.012 

1.112 

58.79 

32.52 

11.00 

24.19 

31.36 

1.753 

.092 

33.56 

2.19 

.46 

33.35 

26.22 

1.053 

1.116 

58.65 

32.43 

12.00 

25.19 

30.74 

1.827 

.052 

31.93 

1.19 

.55 

33.44 

26.18 

1.096 

1.120 

58.52 

32.34 

13.00 

26.19 

30.12 

1.898 

.012 

30.31 

.19 

* .64 

35.53 

26.13 

1.137 

1.126 

58.38 

32.26 

13.19 

26.38 

30.00 

1.918 

0 

30.00 

0 

.73 

33.62 

26.09 

1.172 

1.129 

58.25 

32.16 








.82 

33.71 

26.04 

1 . 204 

1.132 

68.11 

32.07 


3.00] f and 24. 88^ 


, .91 

33.80 

26.01 

1.235 

1.135 

57.99 

31.98 



24.88 

30.92 

T5 

1.000 


24.88 

1.00 

33.89 

25.96 

1.264 

1.138 

57.86 

31.89 

.01 

24.89 

30.92 

•439 

• 953 

55.79 

24.87 

1.20 

34.09 

25.86 

1.326 

1.146 

57.55 

51.69 

• 04 

24.92 

30.90 

.573 

• 939 

65.74 

24.84 

1.40 

34.29 

26.76 

1.380 

1.150 

57.25 

31.49 

.07 

24.95 

30.88 

.633 

.933 

55.69 

24.81 

1.60 

34.49 

25.66 

1.427 

1.155 

56.95 

31.29 

.10 

24.98 

30.87 

• 681 

.928 

55.65 

24.78 

1.80 

34.69 

25.57 

1.479 

1.160 

56.66 

31.09 

.13 

25.01 

30.85 

.713 

• 925 

55.60 

24.76 

2.00 

34.89 

25*48 

1.522 

1.164 

56*37 

30.89 

.16 

25.04 

30.82 

.742 

.921 

55.54 

24.72 

2.40 

35.29 

25.30 

1.608 

1.172 

55.79 

30.49 

.19 

25.07 

30.81 

.768 

.918 

56.50 

24.69 

2.80 

35.69 

25.12 

1.694 

1.180 

55.21 

30.09 

.25 

25.13 

30.77 

.805 

.914 

55.40 

24.63 

3.20 

36.09 

24.95 

1.772 

1.187 

54.64 

29.69 

.31 

25.19 

30.73 

• 845 

.910 

55.30 

24.57 

3.60 

36.49 

24.77 

1.349 

1.192 

54.06 

29.29 

.37 

25.25 

30.69 

.875 

.906 

55.20 

24.51 

4.00 

56.89 

24.58 

1.927 

1.199 

53.47 

28.89 

•46 

25.34 

30.64 

• 909 

.903 

55.06 

24.42 

4.50 

37.39 

24.34 

2.011 

1.205 

52.73 

28.39 

.55 

25.43 

30.58 

.946 

•898 

54.91 

24.33 

5.00 

37.09 

24.11 

2.099 

1.212 

52.00 

27.89 

• 64 

25.52 

30.53 

.980 

• 895 

64.77 

24.24 

5.50 

36.39 

23.90 

2.187 

1.217 

51.29 

27.39 

.73 

25.61 

30.47 

1.010 

.892 

54.62 

24.15 

6.00 

38.89 

23.68 

2.285 

1.223 

50.57 

26.89 

.82 

25.70 

30.42 

1.038 

.888 

54.48 

24.06 

6.50 

39.39 

23.47 

2.374 

1.228 

49.86 

26.39 

.91 

25.79 

30.36 

1.063 

.887 

54.53 

23.97 

7*00 

39.89 

23.26 

2.467 

1.233 

49.15 

25.89 

1.00 

25.88 

30.30 

1.088 

• 883 

54.18 

25.88 

7.60 

40.39 

23.05 

2.563 

1.237 

48.44 

25.39 

1.20 

26.08 

30.18 

1.138 

.878 

63.86 

23.68 

8.00 

40.69 

22.84 

2.650 

1.241 

47.73 

24.89 

1.40 

26.28 

30.06 

1.183 

.873 

53.54 

23.48 

9.00 

41.89 

22.42 

2.842 

1.247 

46.31 

23.89 

1.60 

26.48 

29.94 

1.222 

.868 

53.22 

23.28 

10.00 

42.89 

22.02 

3.039 

1.252 

44.91 

22.89 

1.80 

26.68 

29.88 

1.263 

.863 

52.96 

23.08 

11.00 

45.89 

21.63 

3.242 

1.255 

43.52 

21.89 
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TABLE I. - DETAILED MOZZLE DE3I0K PARAMETERS - Continued 
[y » 1.400| 


1 

2 

3 

4 

5 

6 

7 

1 

2 

5 

4 

5 

6 

7 

r 

¥ 

P 

X 

y 


a 

r 

¥ 

P 

X 

7 

X" 

a 

(deg) 

(deg) 

(deg) 

A ^ 7 2 

V 8 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 


175 

(deg) 

(deg) 


V 

4 . 00 ; 

< P and 1 

f \ 3 Z 

. 89 ° 


25.00 

27.00 

90 (VI 

63.46 

66.46 

A*7 1A 

15.13 
14.57 
i a . rn 

9.733 
U. 190 

HJ R77 

2.083 
2.023 
1 910 

28.59 

26.03 

23.47 

13.46 

11.46 

Q.ifl 














12.00 

44.89 

21.25 

3.453 

1.266 

42.14 

20.89 

31.00 

69.46 

13.47 

14.827 

1.733 

20.93 

7.40 

13.00 

45.89 

20.87 

3.669 

1.255 

40.76 

19.89 

33.00 

71.46 

12-93 

17.187 

1.460 

18.39 

5.46 

14.00 

46.89 

20.50 

3.897 

1.252 

39.59 

18.89 

35.00 

73.46 

12.41 

19.720 

1.100 

15.87 

3.46 

15.00 

47.89 

20.13 

4.143 

1.244 

38.02 

17.89 

37.00 

75.46 

11.90 

23.027 

.547 

13.36 

1.46 

18.00 

48.89 

19.77 

4.387 

1.235 

36.66 

16.89 

38.46 

76.92 

11.54 

25.867 

0 

11.64 

0 

17.00 

49.89 

19.42 

4.660 

1.221 

36.31 

15.89 



6 . 00 ; 

e and ¥ 

+ 42 . 48 ° 


18.00 

50.89 

19.09 

4.932 

1.204 

33.98 

14.89 


r * 

r ' 



19.00 

51.89 

18.73 

5.227 

1.183 

32.62 

13.89 

0 

42.48 

22.20 

0 

1.000 


42.48 

21.00 

53.89 

10.07 

5.866 

1.129 

29.96 

11.89 

.01 

42.49 

22.19 

.593 

1.217 

64.66 

42.47 

23.00 

55.89 

17.43 

6.607 

1.050 

27.32 

9.89 

.04 

42.52 

22.18 

.777 

1.283 

64.62 

42.44 

25.00 

57.89 

16.79 

7.446 

.939 

24.68 

7.89 

.07 

42.65 

22.17 

.860 

1.313 

64.58 

42.41 

27.00 

59.89 

16.19 

8.402 

.792 

22.08 

5.89 

.10 

42.58 

22.16 

• 923 

1.337 

64.54 

42.38 

29.00 

61.89 

15.59 

9.518 

.587 

19.48 

3.89 

.13 

42.61 

22.15 

.970 

1.353 

64.50 

42.35 

31.00 

63.89 

15.01 

10.770 

.329 

16.90 

1.89 

.16 

42.64 

22.13 

1.010 

1.367 

64.45 

42.32 

32.89 

65.78 

14*48 

12.179 

0 

14*48 

0 

.19 

42.67 

22.12 

1.047 

1.380 

64.41 

42.29 


ii 

5 . 00 ; 

* and 1 

r + , 38 . 46 ° 


.25 

42.73 

22.09 

1.100 

1.400 

64.32 

42.23 




.31 

42.79 

22.06 

1.147 

1.420 

64.25 

42.17 

0 

38.46 

23.88 

0 

1.000 


38.46 

.37 

42.85 

22.04 

1.193 

1.435 

64.15 

42.11 

.01 

38.47 

23.87 

.560 

1.143 

62.32 

38.46 

• 46 

42.94 

22.00 

1.247 

1.453 

64.02 

42.02 

.04 

38.50 

23.86 

.727 

1.167 

62.28 

38.42 

.55 

43.03 

21.97 

1.297 

1.470 

63.90 

41.93 

.07 

38.53 

23.85 

.800 

1.207 

62.24 

38.39 

.64 

43.12 

21.93 

1.347 

1.490 

63.77 

41.84 

.10 

38.56 

23.84 

.863 

1.220 

62.20 

38.36 

.73 

43.21 

21.90 

1.387 

1.503 

63.65 

41.75 

.13 

38.59 

23.82 

.907 

1.233 

62.15 

38.33 

.82 

43.30 

21.87 

1.427 

1.517 

63.53 

41.66 

• 16 

38.62 

23.81 

• 940 

1.240 

62.11 

38.30 

.91 

43.39 

21.83 

1.467 

1.530 

63.40 

41.57 

.19 

38.65 

23.79 

.973 

1.250 

62.06 

38.27 

1.00 

43.48 

21.00 

1.500 

1.643 

63.28 

41.48 

.25 

38.71 

23.77 

1.027 

1.263 

61.98 

38.21 

1.20 

43.68 

21.72 

1.580 

1.570 

63.00 

41.28 

.31 

38.77 

23.74 

1.070 

1.273 

61.89 

30.15 

1.40 

43.80 

21.64 

1.647 

1.593 

62.72 

41.08 

.37 

38.83 

23.71 

1.113 

1.280 

61.80 

38.09 

1.60 

44.08 

21.56 

1.703 

1.613 

62.44 

40.88 

.46 

38.92 

23.67 

1.160 

1.293 

61.67 

38.00 

1.80 

44.28 

21.48 

1.770 

1.637 

62.16 

40.68 

.55 

39.01 

23.64 

1.207 

1.307 

61.56 

37.91 

2.00 

44.48 

21.40 

1.027 

1.657 

el . es 

40.48 

*64 

39.10 

23.60 

1.253 

1.320 

61.42 

37.82 

2.40 

44.88 

21.26 

1.937 

1.693 

61.34 

40.08 

.73 

39.19 

23.56 

1.290 

1.327 

61.29 

37.73 

2,80 

45.28 

21.11 

2.047 

1.730 

60.79 

39.68 

• 82 

39.26 

23.52 

1.330 

1.337 

61.16 

37.04 

3.20 

45.68 

20.95 

2.153 

1.767 

60.23 

39.28 

.91 

, 39.37 

23.48 

1.363 

1.347 

61.03 

37.55 

3.60 

46.08 

20.80 

2.253 

1.800 

59.68 

58.88 

1.00 

! 39.46 

23.45 

1.393 

1.353 

60.91 

37.46 

4.00 

46.48 

20.66 

2.363 

1.833 

59.14 

38.48 

1.20 

| 39*66 

23.37 

1.467 

1.370 

60.63 

37.26 

4.50 

46.98 

20.47 

2.477 

1-870 

58.45 

37.98 

1.40 

! 39.86 

23.28 

1.527 

1.387 

60.34 

37,06 

5.00 

47.48 

20.29 

2.600 

1.910 

57.77 

3' T .48 

1.60 

40.06 

23.20 

1.580 

1.397 

60.06 

56.86 

5.50 

47.90 

20.10 

2.727 

1.947 

57.08 

36.98 

1.80 

40.26 

23.11 

1.640 

1.413 

59.77 

36.06 

6.00 

46.40 

19.92 

2.867 

1.987 

56.40 

36.48 

2.00 

40.46 

23.03 

1.690 

1.423 

59.49 

36.46 

6.50 

48.98 

19.74 

2.997 

2.027 

55.72 

35.98 

2.40 

40.86 

22.86 

1.790 

1.447 

58.92 

36.06 

7.00 

49.48 

19.57 

3.127 

2.063 

55.05 

35.48 

2.80 

41.26 

22.69 

1.887 

1.470 

58.35 

35.66 

7.50 

49.98 

19.39 

3.273 

2.107 

54.37 

34.98 

3.20 

41.66 

22.53 

1.980 

1.490 

67.79 

35.26 

8.00 

50.48 

19.22 

3.403 

2.140 

53.70 

34.48 

3.60 

42.06 

22.36 

2.070 

1.510 

67.22 

34.86 

9.00 

51.48 

18.88 

3 . 69 P 

2.217 

52.36 

33.48 

4.00 

42.46 

22.21 

2.167 

1.533 

56.67 

34.46 

10.00 

52.48 

18.54 

3.977 

2.290 

51.02 

32.48 

4.50 

42.96 

22.00 

2.267 

1.653 

55.96 

33.96 

11.00 

53.48 

18.22 

4,293 

2.367 

49.70 

31.48 

5.00 

43.46 

21.81 

2.373 

1.577 

55.27 

33.46 

12.00 

54.48 

17.88 

4.620 

2.440 

48.36 

30.48 

5.50 

43.96 

21.61 

2.480 

1.697 

64.57 

32.96 

13.00 

55-48 

17.56 

4.983 

2.517 

47.04 

29.48 

6.00 

44.46 

21.41 

2.607 

1.623 

53.87 

32.46 

14.00 

56.48 

17.25 

5.357 

2.597 

45.73 

28.48 

6.50 

44.96 

21.23 

2.710 

1.643 

53.19 

31.96 

15.00 

57.48 

16,93 

5.770 

2.673 

44.41 

27.48 

7.00 

45.46 

21.04 

2.827 

1.667 

52.50 

31.46 

16.00 

58.48 

16.62 

Q . 187 

2.750 

43.10 

26.48 

7.50 

45.96 

20.85 

2.943 

1.687 

51.81 

30.96 

17.00 

59.48 

16.32 

6.667 

2.830 

41.80 

25.48 

8.00 

46.46 

20.67 

3.057 

1.707 

51.13 

30.46 

18.00 

60.48 

16.02 

7.150 

; 2 . 903 

40.50 

24.48 

9.00 

47.46 

20.30 

3.303 

1.750 

49.76 

29.46 

19.00 

61.48 

15.72 

7.683 

2.977 

39.20 

23.48 

10.00 

48.46 

19.93 

3.547 

1.790 

48.39 

28.46 

21.00 

63.48 

15.13 

8,897 

3.127 

36.61 

21.48 

11.00 

49.46 

19.57 

3.813 

1.830 

47.03 

27.46 

23.00 

65.43 

14,57 

10,337 

3.267 

34.05 

19.46 

12.00 

50.46 

19.22 

4.083 

1.867 

46.68 

26.46 

25.00 

67.48 

14.01 

12.000 

3.377 

31.49 

17.48 

13*00 

51.46 

18.89 

4.377 

1.903 

44.35 

25.46 

27.00 

69.46 

13.47 

14.010 

3.480 

28.95 

15.48 

14.00 

52.46 

18.54 

4.680 

1.937 

43.00 

24.46 

29.00 

71.48 

12.93 

16.400 

3.533 

26.41 

13.48 

15.00 

53-46 

18.22 

6.010 

1.967 

41.08 

23.46 

31.00 

73.48 

12.41 

19.200 

3.527 

23.89 

11.48 

16.00 

54.46 

17.88 

5.340 

1.997 

40.34 

22.46 

33.00 

75.46 

11.90 

22.667 

3.433 

21.38 

9.48 

17.00 

55.46 

17.56 

5.713 

2.023 

39.02 

21.46 

35.00 

77-48 

11.40 

26.547 

3.223 

18.88 

7.48 

18.00 

56.46 

17.25 

6.090 

2.047 

37.71 

20.46 

37.00 

79,48 

10.90 

31.61 

2.80 

16.38 

5.48 

19,00 

57.46 

16.93 

6.500 

2.067 

36 « 39 

19.46 

39.00 

81-48 

10.41 

37.93 

2.13 

13.89 

3.48 

21.00 

59.46 

16.32 

7.427 

2.097 

33.78 

17.46 

41.00 

63.48 

9.95 

46.03 

1.06 

11.43 

1.48 

23.00 

61.46 

16.72 

8.497 

2.103 

31.10 

15.46 

42.48 

84.96 

9.59 

52.63 

0 

9.59 

0 


988 
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TABLE I. - DETAILED NOZZLE DESIGN PARAMETERS - Continued 
[y * 1*400| 
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NACA RM No. E8JI2 




1.000 

1.587 

1.507 

1.560 

1.600 

1.630 

1.667 

1.680 

1.713 

1.747 

1.780 

1.810 

1.843 

1.877 

1.903 

1.933 

1.957 

1.980 
2.030 
2.077 
2.117 
2.160 
2.200 
2.273 
2.360 
2*420 
2.487 
2.660 
2.640 
2.720 
2.803 
2.897 
2.983 
3,070 
3.160 
3.247 

3.410 
3.590 
3.787 

3.980 
4.190 

4.410 
4.643 
4.873 
5.1201 
5.377 




0 

61.16 

19 . OC 


49.66 

.01 

51.17 

18.99 

69.15 

49.65 

.04 

51.20 

18.98 

69.11 

49.62 

.07 

51.25 

18.97 

69.07 

49.59 

*10 

61.26 

18.96 

69.03 

49.56 

.15 

51.29 

18.95 

68.98 

49.53 

.16 

51.32 

18.94 

68.94 

49.50 

.19 

51.35 

18.93 

68.90 

49.47 

.25 

61.41 

18.91 

68.83 

49.41 

.31 

51.47 

13 .86 

68,74 

49.35 

.37 

51.55 

18.86 

68.66 

49.29 

.46 

51.62 

18.83 

68.54 

49.20 

.55 

51.71 

18,80 

68.42 

49.11 

.64 

51.80 

18.77 

68.30 

49.02 

.73 

51.89 

18.73 

68.17 

46.93 

.32 

51.98 

18.71 

68.06 

43.84 

.91 

52.07 

18.68 

67.94 

48. 73 

1.00 

52.16 

18.65 

67.82 

48.66 

1.20 

52.36 

18.58 

67.56 

48.46 

1.40 

52.56 

18.51 

67.30 

48.26 

1.60 

62,76 

18 .45 

67.02 

48.06 

1.80 

52.96 

18.39 

66.75 

47.66 

2.00 

53.16 

18.33 

66.48 

47.66 

2.40 

53.56 

18.19 

65.94 

47.26 

2.30 

53.96 

18.05 

65.40 

. 46.86 

3.20 

54.36 

17.92 

64.88 

46.46 

3.60 

54.76 

17.79 

64.35 

46.06 

4.00 

56,16 

17.67 

63.82 

45.66 

4.50 

66.66 

17.50 

63.15 

45.16 

5.00 

56.16 

17.36 

62.48 

44.66 

5.50 

56.66 

17.19 

61.83 

44.16 

6.00 

67.16 

17.03 

61.16 

43.66 

6.50 

57.66 

16.87 

60.51 

43.16 

7,00 

56.16 

16.71 

59.95 

42.66 

7.60 

66.66 

16.56 

59.19 

42.16 

8.00 

59.16 

16.41 

156.63 

41.66 

9.00 

60.16 

16.11 

57.22 

40.66 

10.00 

61.16 

15.81 

55.92 

39.66 

11.00 

62 . 16 ; 

15.51 

54.62 

38.06 

12.00 

63 . 16 ! 

15.21 

63.32 

37.66 

13.00 

64.16 

14.93 

52.02 

56.66 

14.00 

65.16 

14.65 

50.73 

35.66 

15.00 

66.16 

14.38 

49.45 

54.66 

16.00 

07.16 

14.10 

48.17 

55.66 

17.00 

68.16 

13.82 

46.90 

52.66 

18.00 

69.16 

13 . 5 Q 

45.62 

31.66 

19.00 

70.16 

13.28 

44 .35 

50.66 

21.00 

72.16 

12.75 

41.81 

28.66 

23.00 

74.16 

12.24 

39.28 

26.66 

25.00 

76.16 

11.72 

36.77 

24.66 

27.00 

78.16 

11,23 

34.26 

22.66 

29.00 

80.16 

10.74 

31.76 

20.66 

31.00 

82.16 

10.26 

29.27 

18.66 

33.00 

84.16 

9.77 

26.61 

16.66 

35.00 

S 6.16 

9.52 

24.32 

14.66 

37.00 

88.16 

8.84 

21.66 

12.66 

39.00 

90.16 

6.39 

19.39 

10.66 

41.00 

92.16 

7.95 

16.94 

8.66 

43.00 

94.16 

7*50 

14.50 

6.66 

45.00 

96.16 

7.06 

12.05 

4.66 

47.00 

98.16 

6.63 

9.61 

2.66 

49.00 

100.16 

6*20 

7.18 

.66 

51.00 

102.16 

6.77 

6.38 

0 

51.16 

102.32 

5.74 



68.01 49.56 
67.75 49.36 




44.16 
43.66 
59 . 67143.16 
6 G . 271 42.16 
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TABLE II. - OVER-ALL NOZZLE DESIGN PARAMETERS 

[ Y = 1.400J 


A f/ A t 


Af/Afc 



. 0 

0 

1.0000 

90.000 

1.80 

10.362 

20.725 

1.4390 

33.749 


• 063 

.126 

1.0003 

78.635 

1.82 

10.652 

21.304 

1.4610 

33.329 

ilPfi 

.175 

.351 

1.0013 

74.058 

1.84 

10.939 

21.878 

1.4836 

32.921 

1.06 

• 318 

.637 

1.0029 

70.630 

1.86 

11.225 

22.450 

1.5069 

32.523 

1.08 

.484 

.968 

1.0051 

67.808 

1.'88 

11.510 

23.020 

1.5307 

32.135 

1.10 

.668 

1.336 

1.0079 

65.380 

1.90 

11.793 

23.586 

1.5553 

31.757 

1.12 

.867 

1.735 

1.0113 

63.234 

1.92 

12.076 

24.152 

1.5804 

31.388 

1.14 

1.080 

2.160 

1.0153 

61.306 

1.94 

12.356 

24.713 

1.6062 

31.028 

1.16 

1.304 

2.607 

1.0198 

59.550 

1.96 

12.636 

25.270 

1.6326 

30.677 

1.18 

1.537 

3.074 

1.0248 

57.936 

1.98 

12.913 

25.827 

1.6597 

30.335 

1.20 

1.779 

3.558 

1.0304 

56.443 

2.00 

13.190 

26.380 

1.6875 

30.000 

1.22 

2.028 

4.057 

1.0366 

55.052 

2.02 

13.464 

26.929 

1.7160 

29.673 

1.24 

2.285 

4.570 

1.0432 

53.751 

2.04 

13.738 

27.476 

1.7451 

29.353 

1.26 

2.546 

5.093 

1.0504 

52.528 

2.06 

14.011 

28.022 

1.7750 

29.041 

1.28 

2.814 

5.627 

1.0581 

51. 375 

2.08 

14.281 

28.562 

1.8056 

28.736 

1.30 

3.085 

6.170 

1.0663 

50.285 

2.10 

14.548 

29.097 

1.8369 

28.437 

1.32 

3.360 

6.721 

1.0750 

49.251 

2.12 

14.815 

29.631 

1.8690 

28.145 

1.34 

3.635 

7.279 

1.0842 

48.268 

2.14 

15.080 

30.161 

1.9018 

27.859 

1.36 

3.922 

7.844 

1.0940 

47.332 

2.16 

15.344 

30.688 

1.9354 

27.578 

1.38 

4.206 

8.413 

1.1042 

46.439 

2.18 

15.606 

31.213 

1.9698 

27.304 

1.40 

4.493 

8.987 

1.1149 

45.585 

2.20 

15.866 

31.732 

2.0050 

27.036 

1.42 

4.782 

9.565 

1.1262 

44.767 

2.22 

16.125 

32.250 

2.0409 

26.773 

1.44 

5.073 

10.146 

1.1379 

43.983 

2.24 

16.381 

32.763 

2.0777 

26.515 

1.46 

5.365 

10.730 

1.1502 

43.230 

2.26 

16.637 

33.274 

2.1154 

26.262 

1.48 

5.663 

11.327 

1.1629 

42.507 

2.28 

16.889 

33.778 

2.1538 

26.014 

1.50 

5.953 

11.906 

1.1762 

41.810 

2.30 

17. 141 

34.283 

2.1931 

25.772 

1.52 

6.248 

12.495 

1.1899 

41.140 

2.32 

17.391 

34.782 

2.2333 

25.533 

1.54 

6.542 

13.085 

1.2042 

40.493 

2.34 

17.639 

35.279 

2.2744 

25.300 

1.56 

6.837 

13.675 

1.2190 

39.868 

2.36 

17.885 

35.771 

2.3164 

25.070 

1.58 

7.135 

14.270 

1.2344 

39.265 

2.38 

18.131 

36.262 

2.3593 

24.845 

1.60 

7.430 

14.860 

1.2502 

38.682 

2.40 

18.373 

36.746 

2.4031 

24.624 

1.62 

7.726 

15.452 

1.2666 

38.118 

2.42 

18.615 

37.230 

2.4479 

24.407 

1.64 

8.021 

16.043 

1.2835 

37.572 

2.44 

18.854 

37.708 

2.4936 

24.195 

1.66 

8.316 

16.633 

1.3010 

37.043 

2.46 

19.092 

38.184 

2.5403 

23.985 

1.68 

8.611 

17. 223 

1.3190 

36.530 

2.48 

19.327 

38.655 

2.5880 

23.780 

1.70 

8.905 

17.810 

1.3376 

36.032 

2.50 

19.562 

39.124 

2.6367 

23.578 

1.72 

9.198 

18.397 

1.3567 

35.549 

2.52 

19.794 

39.589 

2.6864 

23.380 

1.74 

9.490 

18.981 

1.3764 

35.080 

2.54 

20.025 

40.050 

2.7372 

23.185 

1.76 

, 9.783 

19.566 

1.3967 

34.624 

2.56 

20.254 

40.508 

2.7891 

22.993 

1.78 

10.073 

20.146 

1.4175 

34.180 

2.58 

20.481 

40.963 

2.8420 

22.805 
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TABLE II. - OVER-ALL NOZZLE DESIGN PARAMETERS - Continued 

[y = 1.40<3 


2 3 f 4 5 | 1 1 2 3 4 6 



2.60 20.707 41.415 2.8960 22.620 3.30 27.611 55.222 5.6286 17.640 
2.62 20.931 41.663 2.9511 22.438 .3.32 27.782 55.564 5.7358 17.530 
2.64 21.154 42.308 3.0073 22.259 3.34 27.952 55.904 5.8448 17.422 
2.66 21.374 42.749 3.0647 22.082 3.36 28.120 56.241 5.9558 17.315 
2.68 21.593 43.187 3.1233 21.909 3.38 28.288 56.576 6.0687 17.209 

2.70 21.810 43.621 3.1830 21.738 3.40 28.454 56.908 6.1837 17.105 
2.72 22.026 44.053 3.2440 21.571 3.42 28.619 57.238 6.3007 17.002 
2.74 22.240 44.481 3.3061 21.405 3.44 28.782 57.564 6.4198 16.900 
2.76 22.453 44.906 3.3695 21.243 3.46 28.944 57.888 6.5409 16.799 
2.78 22.664 45.328 3.4342 21.082 3.48 29.105 58.210 6.6642 16.700 

2.80 22.873 45.746 3.5001 20.925 3.50 29.265 58.530 6.7896 16.602 
2.82 23.080 46.161 3.5674 20.770 3.52 29.973 58.847 6.9172 16.504 
2.84 23.286 46.573 3.6359 20.617 3.54 29.581 59.162 7.0470 16.409 
2.86 23.491 46.982 3.7058 20.466 3.66 29.737 59.474 7.1791 16.314 
2.88 23.694 47.388 3.7771 20.318 3.58 29.892 59.784 7.3135 16.220 

2.90 25.896 47.790 3.8498 20.171 3.60 30.045 60.091 7.4501 16.128 
2.92 24.095 48.190 3.9238 20.027 3.62 30.198 60.397 7.5891 16.056 
2.94 24.293 48.586 3.9993 19.885 3.64 30.350 60.700 7.7304 15.946 
2.96 24.490 48.980 4.0763 19.745 3.66 30.500 61.000 7.8742 15.856 
2.98 24.685 49.370 4.1547 19.607 3.68 30.649 61.299 8,0204 15.768 

3.00 24. *878 49.757 4.2346 19.471 3.70 30.747 61.595 8.1690 15.680 
3.02 25.071 50.142 4.3160 19.337 3.72 30.944 61.889 8.3202 15.594 
3.04 25.261 50.523 4.3989 19.205 3.74 31.090 62.181 8.4739 15.508 
3.06 25.451 50.902 4.4835 19.074 3.76 31.235 62.471 8.6302 15.424 
3.08 25.638 51.277 4.5696 18.946 3.78 31.379 62.758 8.7891 15.340 

3.10 25.825 51.650 4.6573 18.819 3.80 31.522 63.044 8.9506 15.258 
3.12 26.010 52.020 4.7467 18.694 3.82 31.663 63.327 9.1148 15.176 
3.14 26.193 52.386 4.8377 18.570 3.84 31.804 63.608 9.2817 15.095 
3.16 26.375 52.750 4.9304 18.449 3.86 31.943 63.887 9.4513 15.015 
3.18 26.556 53.112 5.0248 18.328 3.88 32.082 64.164 9.6237 14.936 

3.20 26.735 53.470 5.1210 18.210 3.90 32.220 64.440 9.7990 14.857 
3.22 26.913 63.826 5.2189 18.093 3.92 32.356 64.713 9.9771 14.780 
3.24 27.089 54.179 5.3186 17.977 3.94 32.492 64.984 10.1580 14.703 
3.26 27.265 54.530 5.4201 17.863 3.96 32.626 65.253 10.3420 14.627 
3.28 27.438 54.877 5.5234 17.751 3.98 32.760 65.520 10.5288 14.552 


NACA^ 
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TAp t ,E II. - OVER-ALL NOZZLE LESION PARAMETERS - Continued 

[x rn 1.400) 


1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Hf 

<p and 

V 

(deg) 

* 

(deg) 


Pf, P 

(deg) 


<p and 

V 

(deg) 

(deg) 

A f/ A t 

P 

(deg) 

4.00 

32.892 

65.785 

10.719 

14.478 

5.50 

40.622 

81.244 

36.869 

10.476 

4.05 

33.219 

66.439 

11.207 

14.295 

5.55 

40.821 

81.643 

38.281 

10.380 

4.10 

33.542 

67.085 

11.715 

14.117 

5.60 

41.016 

82.032 

39.741 

10.287 

4.15 

33.857 

67.714 

12.243 

13.943 

5.65 

41.209 

82.418 

41.246 

10.195 

4.20 

34.167 

68.334 

12.791 

13.774 

5.70 

41.397 

82.795 

42.796 

10.104 

4.25 

34.472 

68.945 

13.363 

13.609 

5.75 

41.585 

83.171 

44.400 

10.015 

4.30 

34.770 

69.541 

13.955 

13.448 

5.80 

41.768 

83.537 

46.050 

9.928 

4.35 

35.064 

70.128 

14.571 

13.290 

5.85 

41.950 

83.900 

47.754 

9.842 

4.40 

35.353 

70.707 

15.210 

13.137 

5.90 

42.128 

84.257 

49.507 

9.758 

4.45 

35.637 

71.274 

15.874 

12.986 

5.95 

42.303 

84.607 

51.318 

9.675 

4.50 

35.916 

71.833 

16.562 

12.840 

6.00 

42.477 

84.955 

53.178 

9.594 

4.55 

36.190 

72.380 

17.277 

12.696 

6.05 

42.649 

85.299 

55.101 

9.514 

4.60 

36.459 

72.919 

18.018 

12.556 

6.10 

42.817 

85.634 

57.077 

9.435 

4.65 

36.724 

73.448 

18.787 

12.419 

6.15 

42.984 

85.968 

59.114 

9.358 

4.70 

36.984 

73.969 

19.583 

12.284 

6.20 

43.148 

86.296 

61.210 

9.282 

4.75 

37.241 

74.483 

20.409 

12.153 

6.25 

43.309 

86.618 

63.370 

9.207 

4.80 

37.493 

74.986 

21.263 

12.025 

6.30 

43.469 

86.938 

65.589 

9.133 

4.85 

37.741 

75.483 

22.151 

11.899 

6.35 

43.625 

87.251 

67.877 

9.061 

4.90 

37.985 

75.970 

23.067 

11.776 

6.40 

43.780 

87.561 

70.228 

8.989 

4.95 

38.225 

76.451 

24.018 

11.655 

6.45 

43.934 

87.868 

72.647 

8.919 

5.00 

38.460 

76.921 

25.000 

11.537 

6.50 

44.084 

88.169 

75.134 

8.850 

5.05 

38.691 

77.383 

26.018 

11.421 

6.55 

44.233 

88.466 

77.695 

8.782 

5.10 

38.920 

77.841 

27.069 

11.308 

6.60 

44.379 

88.759 

80.323 

8.715 

5.15 

39.146 

78.293 

28.159 

11.197 

6.65 

44.525 

89.051 

83.027 

8.649 

5.20 

39.367 

78.735 

29.283 

11.088 

6.70 

44.668 

89.336 

85.804 

8.584 

5.25 

39.585 

79.170 

30.446 

10.981 

6.75 

44.809 

89.618 

88.661 

8.520 

5.30 

39.799 

79. '5 99 

31.649 

10.876 

6.80 

44.947 

89.895 

91.594 

8.457 

5.35 

40.008 

80.017 

32.893 

10.773 

6.85 

45.085 

90.170 

94.609 

8.394 

5.40 

40.216 

80.433 

34.174 

10. 672 

6.90 

45.221 

90.442 

97.700 

8. 333 

5.45 

40.422 

80.844 

35.501 

10.573 

6.95 

45.355 

90.710 

100.880 

8.273 
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TABLE II. - OVER-ALL NOZZLE DESIGN PARAMETERS - Concluded 

lr * 1.400] 


1 

2 

5 

4 

5 

1 

2 

3 

4 

5 

* t 

<P and 

nr + 

* t 

(deg) 

(deg) 

V*t 

Pf* P 
(deg) 


q> and 

V 

(deg) 

V 7 
(deg) 

A f/ A t 

P f » P 

(deg) 

7.00 

45.487 

90.974 

104.145 

8.213 

8.50 

48.786 

97.575 

251.086 

6.756 

7.06 

45.618 

91.257 

107.492 

8.155 

8.65 

48.878 

97.757 

257.974 

6.717 

7.10 

45.746 

91.492 

110.931 

8.097 

8.60 

48.969 

97.938 

265.014 

6.677 

7.15 

45.875 

91.746 

114.459 

8.040 

8.65 

49.059 

98.118 

272.211 

6.639 

7.80 

45.999 

91.999 

118.080 

7.984 

8.70 

49.147 

98.294 

279.567 

6.600 

7.25 

46.122 

92.244 

121.794 

7.928 

8.75 

49.234 

98.469 

287.084 

6.562 

7.50 

46.245 

92.491 

125.605 

7.873 

8.80 

49.321 

98.643 

294.766 

6.525 

7.55 

46.565 

92.751 

129.513 

7.820 

8.85 

49.407 

98.814 

502.615 

6.488 

7.40 

46.485 

92.971 

133.520 

7.766 

8.90 

49.491 

98.983 

310.633 

6.451 

7.45 

46.605 

95.206 

137.629 

7.714 

8.95 

49.576 

99.153 

318.823 

6.415 

7.60 

46.720 

95.441 

141.842 

7.662 

9.00 

49.660 

99.320 

327.190 

6.379 

7.55 

46.855 

95.671 

146.159 

7.611 

9.05 

49.741 

99.483 

535.733 

6.344 

7.60 

46.949 

95.898 

150.585 

7.561 

9.10 

49.823 

99.647 

344.458 

6.309 

7.65 

47.061 

94.122 

155.120 

7.511 

9.15 

49.904 

99.808 

353.368 

6.274 

7.70 

47.172 

94.545 

159.770 

7.462 

9.20 

49.983 

99.967 

362.463 

6.240 

7.75 

47.285 

94.567 

164.527 

17.414 

9.25 

50.063 

100.127 

371.749 

6.206 

7.80 

47.591 

94.785 

169.403 

j 7.366 

9.30 

50.141 

100.282 

381.228 

6.173 

7.85 

47.499 

94.998 

174.418 

17.319 

9.35 

50.219 

100.438 

390.902 

6.140 

7.90 

47.604 

95.209 

179.511 

17.272 

9.40 

50.295 

100.591 

400.776 

6.107 

7.95 

47.708 

95.417 

184.744 

7.226 

9.45 

50.371 

100.742 

410.851 

6.074 

8.00 

47.815 

95.627 

190.109 

i 7.181 

9.50 

50.445 

100.891 

421.131 

6.042 

8.06 

47.916. 

95.852 

195.597 

7.136 

9.55 

50.520 

101.041 

1 431. 620 

6.011 

8.10 

48.016 

96.035 

201.215 

! 7.092 

9.60 

50.594 

101.188 

442.322 

5.979 

8.15 

48.117 

96.234 

206.964 

7.048 

9.65 

50.667 

101.334 

453.236 

5.948 

8.20 

48.215 

196.431 

212.846 

7.005 

9.70 

50.738 

101.476 

464.370 

6.917 

8.25 

48.512 

96.625 

218.865 

6.962 

9.75 

50.811 

101.623 

475.725 

5.887 

8.50 

48.410 

96.821 

225.022 

6.920 

9.80 

50.882 

101.764 

487.304 

5.857 

8.55 

48.506 

97.013 

231.320 

6.878 

9.85 

50.951 

101.903 

499.112 

5.827 

8.40 

48.599 

97.199 

237.763 

6.857 

9.90 

51.021 

102.042 

511.152 

5.797 

8.45 

48.694 

97.388 

244.350 

6.796 

9.95 

10.00 

51.090 

51.158 

102.180 

102.317 

523.425 

535.938 

6.768 

5.739 
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(a) Expansion waves represented by finite number 
of characteristics* 



(b) Wave pattern formed by interaction of two 
expansion waves. 

Figure 2. - Schematic representation of expansion 
waves by characteristics. 
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(c) Kernel formed from kernel corresponding to 
higher Mach number* 



(d) Suppression of expansion wave by bending wall. 


Figure 2. - Concluded. Schematic representation of 
expansion waves by characteristics. 
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(a) Kernel. 



(b) Wave pattern and wall contour. 


Figure 3. - Complete wave pattern and wall contour of 
graphically designed nozzle with sharp-edge throat. 
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(a) Conventional development. 



(b) Averaging development. 

Figure 4. - Development of wall contour from bounding 
Yf* characteristic of kernel. 
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Figure 5. - 


Method of determining 


Yf* for a desired Mach number 
characteristic* 
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